Abstract. Nesting density and synchrony by hosts may indirectly serve as a defense mechanism against brood parasites. Here we examine the relationships between spatial and temporal distribution of host nests and the probability of being parasitized. We use as host species the Black-billed Magpie (Pica pica), a species that is parasitized by the Great Spotted Cuckoo (Clamator glandark) in southern Europe. We also examined the differences in parasitism rate in nearby plots that differ in magpie social organisation. Results show that increased proximity to other nests and specially laying synchrony both reduced the probability of being parasitized. Consequently, magpies breeding synchronously in dense plots may experience an indirect advantage against brood parasitism with respect to low density, low synchrony plots.
INTRODUCTION
Avian brood parasites lay their eggs in the nests of hosts that take care of the parasitic offspring from incubation to independence. This adversely affects host fitness in ways that vary in different parasite-host systems (Rothstein 1990 ). The rate of parasitism in particular host species may be influenced by various behavioral, historical and ecological factors such as the ability of hosts to recognize and reject parasitic eggs (Davies and Brooke 1989), the time of duration of sympatry between hosts and parasites (Briskie et al. 1992, Soler and Moller 1990) and the suitability of the host' s diet to parasitic chicks (Mason 1986 ).
One of the ecological factors that may influence the rate of parasitism is the dispersion pattern and social organization of host species. For example, it has been argued that hosts might avoid parasitism by nesting in close aggregations (Rothstein 1990 ). The mechanisms proposed for this effect are a more successful nest defense in high density plots through group defense (Freeman et al. 1990) or the inability of the parasite to parasitize a large number of synchronous nests ("swamping effect," Robertson 1973 (Fig. 1A) . We located first nests on aerial photographs to calculate nearest neighbor distances and magpie nest density. Nests were checked at least once a week, and reproductive parameters such as first egg date, clutch size, number of chicks hatched, and number of chicks fledged were recorded for most of the nests. Breeding success was calculated as the ratio between chicks fledged and eggs laid. We considered a nest as parasitized if it contained one or more cuckoo eggs. During the field work, we recorded the number of cuckoos seen in each plot, specifying whether they were chased by magpies, and how many birds chased them. We used the mean number of cuckoos seen per hour while checking nests as an estimate of cuckoo abundance. This method resembles line transects, which are known to give a relative estimate of bird abundance (Jarvinen and VCdnen 1975).
MEASURING SPATIAL AND TEMPORAL PROXIMITY
As an index of spatial proximity to other magpie pairs, or density index, we quantified the number of pairs in a 250 meter-diameter circle around the focal nest. To measure the degree of synchrony of each nest, we used the number of temporal neighbors (Westneat 1992 ), a variable that measures, for each nest, the number of pairs in the same plot starting to lay within three days of the focal nest. This variable is adequate to test the effect of synchrony on parasitism probability 
RESULTS

SPATIAL AND TEMPORAL PROXIMITY AND PARASITISM PROBABILITY
Logistic regression showed that the number of temporal neighbors and density index had a significant effect on the probability of a nest of being parasitized in 1993. A logistic regression model incorporating these two variables described the data as well as a model with all the variables (Table 1 ; final model x2 = 24.84, P < 0.001.
However in 1992, only the number of temporal neighbors significantly affected parasitism probability (Table 1 ; x2 = 11.03, P < 0.001). Laying date and cuckoo density had no significant effect. We performed a logistic regression for both years separately with the status of parasitism as dependent variable and four independent variables: plot cuckoo density, laying date, number of temporal neighbors and density index. Using plot cuckoo density as independent variable permitted us to control for potential effects of different cuckoo densities in the plots even though estimates of cuckoo abundance (Fig. 1B) were not different between plots in 1992 (ANOVA Since these two variables affect parasitism probability, they could also be good predictors of the number of cuckoo eggs per nest. We assumed that nests with a high probability of being parasitized will receive a greater number of cuckoo eggs than nests with a small probability of being parasitized. A backward, stepwise multiple regression using the same variable set as used in the logistic regression as dependent and independent variables gave two different results for 1992 and 1993. In the first year only the number of temporal neighbors was included in the model (R = 0.34, df = 4, 111, P < O.OOl), but in 1993 both number of temporal neighbors and density index were in the model (R = 0.44, df = 4, 130, P < 0.00 1; partial regression coefficient for num-ber of temporal neighbors r = -0.33, P < 0.001; partial regression coefficient for density index r = -0.30, P < 0.001).
SPATIAL AND TEMPORAL PROXIMITY AND MAGPIE BREEDING SUCCESS
Brood parasitism has a significant impact on the breeding success of magpie pairs because most parasitized nests do not fledge any magpie chicks (Soler et al., in press) . Magpie breeding success in the two years of this study was severely affected by the number of cuckoo eggs in the nest, decreasing with an increasing number of cuckoo eggs and very low in all parasitized nests (Fig.  2) .
As the number of cuckoo eggs was related to the nest density index and number of temporal neighbors, we expected that these variables would correlate with magpie breeding success. There was no significant correlation in 1992 (multiple R = 0.18, P > 0.05), but in 1993 both number of temporal neighbors and density index were negatively correlated with breeding success (R = 0.37, df = 2, 77, P = 0.003; partial r for number of temporal neighbors = -0.30, P = 0.007, partial r for density index = -0.24, P = 0.04).
MAGPIE SOCIAL ORGANIZATION
Magpie nests showed significant differences in nearest neighbor distance between plots ( Fig. 3;  F Statistical comparisons of parasitism rate or magpie breeding success between plots are not possible due to sample sizes. However, such data may serve as an indicator of the trends. As expected under the hypothesis tested, the plot with the highest mean number of temporal neighbors within the high-density plots suffered the lowest parasitism rate in both years (Figs. 3 and 4) .
NEST DEFENSE
We only occasionally saw magpies chasing cuckoos (Fig. 5) . Attacks happened more often in high density plots than in low density plots, but differences are not significant (8.2% against 5.7% in 1992; 9.3% against 3.7%, X2 = 0.19 and X2 = 1 .OO respectively, P > 0.05). Nine ofthe nineteen observations of chases were recorded in La Calahorra. We have never seen more than two magpies chasing a cuckoo simultaneously, so group defense either does not exist or is rare in these populations. The effect of spatial proximity was only significant in one year. It is less clear how spatial proximity decreases the probability of parasitism. It has been proposed that high density aggregations of hosts may allow group defense or more effective nest defense (Clark and Robertson 1979 , Freeman et al. 1990 ). In dense plots, hosts may easily become aware of the presence of the parasite and mob it more quickly and/or in groups. We do not have data to test this prediction, but nest defense against parasites seems to be infrequent and magpies showed no group defense. However, if nest defense is the mechanism underlying the relationship between density and probability of parasitism, the inconsistency of this relationship between years may be due to a different ecological conditions. Magpies in our study area leave their territory to feed, giving the cuckoos a chance to approach the nest undetected (pers. observ.) and the duration of these absences may vary between years as a function of food availability near the nest.
The absence of nest defense might be an effect ofthe short history of sympatry between magpies and Great Spotted Cuckoos. Guadix is presumably a recently colonized area (Soler 1990 Breeding synchrony and proximity to other nests are advantageous to magpies, by diminishing the probability of parasitism and enhancing the probability of successful breeding (Fig. 2) . There was a positive correlation between both the number of temporal neighbors and the density index and breeding success in 1993. The absence of this correlation in 1992 may be due to the absence of a significant relationship between density index and parasitism in that year and to the fact that breeding success is related also to other variables such as territory quality, time in the season, or food availability.
MAGPIE SOCIAL ORGANIZATION AND PARASITISM RATE
The spatial dispersion pattern of magpies varied between plots in our study area. This variability is primarily due to ecological factors such as habitat type and food availability (Birkhead et al. 1986, Birkhead 199 1). From the results obtained in this study, we expected that the rate of parasitism would be low in synchronous, dense plots, and high in asynchronous, low-density plots. Data suggest a trend in this direction, but the results do not fit the prediction exactly, as high-density plots (Fuente Alamo, Ferreira) had parasitism rates similar to these of low density plots. However, these high density plots were characterized by a low number of temporal neighbors due to their small size. Thus, the number of pairs laying at the same time in a plot will depend on both synchrony and the total number of pairs. Very small plots such as Fuente Alamo will have few temporal neighbors, thus weakening the "swamping effect." Finally, differences in parasitism pressure may be another factor explaining the different spatial patterns of north and south European magpie populations. Spatial proximity and synchrony are advantageous for magpies breeding in sympatry with the Great Spotted Cuckoo and thus we expect to find magpies breeding close together and synchronously. However, density and synchrony are constrained by other ecological factors such as food availability and habitat structure. Thus, heterogeneity in nest distribution may partially account for differences in parasitism rates between plots in a region. In low-density plots magpie density may be limited by habitat quality and/or food availability and the low reproductive success due to parasitism may decrease magpie density over time. Magpies would be able to nest close together and synchronously only in plots rich in food and nest sites, but they then face other potential risks such as cuckoldry or increased competition for food.
